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I TRODUCT ION AN:D ABSTRAZT

During the ycar covered by this repart the major sffort was placed
on the newly discovered reaction between diboron tetrachloride and
ursaturated and oyoclic hydrocarbons. As will beocome apparant from the
discussion of This topis in the body ol this report, the rew roaction
seenns to have oonsi deravle likelihood of besoming a valuable tool in
the synthesis of organo~boror compounds and in the discovery of new
types of sush campounds.

Considereble progress has also been made in the study of the
reaction of metallio lithium with ammoniacal solutions of pentaborane
(B_M,)» It has been shown that the notal reacts ir 2 ways, in each
oqu%ioh 2 g. atcmioc weights of the metal react per mole of B_H,.

Ir org reaction 2 g. stomic weights of hydrogen are gzox rated? ?n the
other no hydroger is producede The produict of the first reaction has
been isolated and analyzed. The second reaction is still urder
investigatior. The possibility that this reaoction will have some
bearing on the interrslat.on of BSHQ end BSHII is discussed.

In this corireotion we have also studied the behavior of lithium
toward B_H_ ir dimethylamins. Two dirficulties have caused us to
discortirué this study. &Lithium, at tomperatures at wvhich it does rot
react with dimsthylamine, is only very slightly scluble in this solvent.
Likewise the irteraoction of dimethylamire with B _H, to form "ammirates"
is very slow at temperatures at which side react?ohs do not ocovr.
During th:z course of thuse studies we have, however, ottainad some
irform.tior about the behavior of dimethylamire toward B_'_.. In place
of the reaction of lithium with B_ Y. in dimethylamire we héve begun
ar investigatior of the eralogous reaction in ethylamire, in which the
metal is much more soluble. PYreliminary results are herein reported,

The study of the reactions of hydrezire and dimethyl hydrazine
with diborans and with tetrametinyl diborane has been cortinuede.
Some previously doubtful aspects have been clarified, In this
conruotion it has besu found that pyrolysis of I (cH )Z(BH9)2 in the
presenos of diborane, or of a mixture of dimcthyi hydrdaziné and diborane
produces l~trimethyl oorazole in fair yislds. Unfortunately we have
not yet succoeded in obtaining borazole from mixtures of hydrazine and
diborane, or from hydrazine hydrochloride and lithium borohydride. Ve
have also found that heatirg of the sclid polymer of Nz(Cﬂ,)z(BH )2
with boron trifluoride produces a volatile crystalline“sol¥df The
vapor density and the amount of hydrogen evolved suggest that the
compound may be Ne-trimethyl, B~difluoro borezols, but the fluocrine
aralysis has thus far been unsatisfaectory.

Some though not a large amount of progress has been made on
the study of borazole derivativese.

Fcur artioles vased on the wa z of the project have beecn accepted by
aprropriate journsls for publication; 2 of thesc have apoeared, and 2
are scheduled for publication in Osctober 1954,

.
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1. The Reaction of Diboron Tetracnlorice (B,Cl,) with Unsaturated
: o 2774
and Cycllc Hydroocarbons

(1a) As was described in a previous report {Ak 53, p.22) e Feiaone
of' diboron totrachloride unitos wi th ono mole of ethylerne to form a
sompound of the empirical composition B, Cl, *C H . Sinco treatmest of
tho compound with water, as well as with scdium hydroxide solution
fails to generate hydrogen even when the mixture is warmed almost
to its boiling point, tho boron-tec-boron bond of diboron tetrachlorido
hus evidontly been sovered in the pre¢parative reaction. The structuro
of *hs compound may, therefore, be represonted by tho formula
C1_BC_H BCl,. It has also beon shown that diboror totrachloride
reacts in simiiar fashion with acutyleno ard with cyclopropane, as
shown in the follow.ng paragraphse.

(b) In an oxploratory experiment, 26.75 oc. of B_Cl rcazted with
2249 cce of amcetylenc at -80°C in about 36 hours. (Thé atibruviation
cc. 15 uswd heroin to rufer to the volume of material in tho vapor or
gaseous stote at S.T.FP., whereas ml. is us«d for the volume of liquids,)
The cruce grodxct was passod irto a train consisting of a =30, a =45
snd a =196 C tr%p. The major portion of the reaction produc+ was
rotaired at =30 C. It oxhibited a vapor tonsion of 6 mm. at 20°C
end a vapor density cor:rssponding to a moleculer woeignt of about 198
{mcl. wte cale, for C% SCZH BCl2 = 16%)., Its meltirg roirt lies
tutwoor =130 and =126 6. T%e molecular weight, clthough only approximate
bocauso of tho small quantitics used In the determiwsation, indiecates
that the ohief reaction product probably is B,C1 C t_. Tho moleosular
woight is far too iow for a compournd (B,Cl,) k22
2774727272
Thore urs two pos<ible oxplanations for ths large meltinrg rango.
Thus it is possible that thc product ocontained a small amount of
(B?Cl )zczqz, as irdicated by tho obser-ation thut mors than one mole
of‘B?él4 Fofcted por molo of acetylone. Another possibility is thet
tho matérial is a mixturoc of ois and trsns isomors, s would ba
liksly if the carbon-to-ocarbo: double bord has treon mailic _ied.
The mattor is being studied furthor.

(o) Stirring of a mic:ture of 5.40 mmoles of E_Cl with 10.34
mmncles of cyclopropono failed to bring sbuut rsactibr 4t -807C, at
which temporaturs both acstyleore and ethylone roact rapidly with 82C1£.
At -30°C tho reaction of gyolopropaue wes still very slow, but it
procecded to compietion in 20 hours at 0°C. Fractiowetion of thre
product rosulted in the rccovory of 0.037 mmole of B Cl, , wxud in the
isclation of 0.427 mmole c¢f BClz and of u less volatile liquid.

1. Tho abbreviation AR rcloers to Final or Arnual roportse. Ths

opmber following tho abbroviation refers to the yoar of those roporte,
@efis, AR 83 indicatos the anrual (firnl) teuohrical report for the yoar
ording July 1963.
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Assuming that the BCl, had been formed by cecompusition of an equal
veluma of B,Cl,, the fatio in whioh cyclovropane and B_Cl, had combined
was 1:1,01, 5 thsrafors assume the formule of the prdduct to be
C1,B(CH,_),BCl,. Although the followirg data support this formula,
further“work is necessary to establish it fully,

At & pressure of 79.5 mm., .2482 g. of C1 5(032)3501 oooupied
2 volume of 352 co. at 98,5 C. Hance the moleGular®wsight is 205.7
{oalce for 82(:14(01{,)3 is 205.5)

Vapor tensionc are as follows:

P

o 6249 69,1 74,0 7849

£°c O 12.6 26.4" 33.6 41,

W
.

[V}
n
w
.

DN

p mm(obs) 1.0 2.4 G.0 £.7 15.4 24,4 35.9 47,1 58.0 5840

p mr{ocale) 1.3 2.8 6ol 3.6 15.4 24.4 36,0 45,8 57e3 69,7

The Qiésulated values were obtained from the equation log Pom =
7.8727 =~ , aceording to whioh the boiling point would be
1527C, the heat of evaporation J238C cal., and the Trouton constant
22.8., The data marked with an asterisk are readings taken during
cooling.

Treatment of 1.12 mmoles of Cl _B(Ci, ), RCl, with 4.4% mmoles of
methanol, led to the generation of 3.12 mmoles of hydrogen chlaride
(92% of that caloulated or the assumption that all of the chlorine
atoms are replaced by methoxy groups). Since some methonol was recoversd,
the reaction had apparently rot gore tc completion in approximetely
12 hours.

(d) Further investigation of the ococmpounds (0128)20
(CLZB)Z(C}{Z)3 is under way ac is an attempt to prepare

(C1,BR).C.F, (see sacte I{4) of this r eport.).
2 22 4

2H2 and

(2) Some Prnm rties and Reactions of C1,BC,H, BCL,

(a) A 0.0996 g. sample of C1,BC_H BCl,, prepared by the irteraction
of diboron tetrachioride (B 014) with atgylene and oarefully purified,
exerted a pressure of S$4.15 mme at 123.2 C in 245.1 cce The corresvonding
molecular weight is 185.7 (calc. 191,6). The melting point is =28,5
to -28,0°C, Vapor tension data are as followss

h‘-;—" s
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£°c £6.3 35.5 41.6 48.4 54.8 59.4 (5.5 74.5 82.5 91.8

pa(obs) 6.9 11.2 1544 21.46 29.1 36.8 5640 69.7 $5.6 134.1
r mm(oalo) 69 10,9 15.1 210 28,9 35.9 56.5 70.0 97.4 135.2

The caloulated values were obtainad from the equation log Pom = 8230

2
ZTZO « Since the equation does not reproduce the data mell at the

highest tomperatures, extrapolation to the boilirg point was not oarri ed
Oute

(b) ‘4dreatmert of 1.46 inmocles of c1, BC, H BC‘ with 5.71 mmoles of
methanol {(a slight deficienacy) ranevated 995 8$ of the hydrogen chloride
expeocted for complete replacement of the chlorine atoms by methoxy
groups. The resulting methoxy derivative dces not inflsme spontaneously
in air, but burrns if ignited.

A 041003 g. sample of the compound (CH 0) BC B( H_ ), exerted

a pressure of 58 mm. in a volume of 243.5 o ;GU.S V.S & The
oorrespording moleoular woight is 171 (calc. 174 6). The melting point
was ~2xe4 * O, 6°C. Vapor tension data fnllow:

t°c 28423 3342 3842 4441 4849 5647 5942 6942 74,5 78,5 91.6 93.2

P rﬂm(obs) 1.4 1.8 2.6 440 53 8.2 Ge7 16e85 2042 2348 4443 50,1

pomm{cale) 144 2,0 2.8 4.1 5.2 8.1 943 15.9 20.9 26,0 48,2 51.4
Far the calculated vapor tensions the equation log p = Be4933 - €847
was ussde Although the extrapolnllor is more extensiVo than desirable,
the e quation leads to the values 164 °C for the boilirg point, 12,100
oal/ for the heat of wvaporization and 27.7 for the Trouton constanrt,.
Dev1aglcr from the equation probably accourts for the high Trouton
constant, although assoeciation in the liquid stete may be partly
raéponsible.

(c) At a temperature slig..ly above -00°C, 8.97 mmolas of
trimat'syl amine reacted with 4.68 muolzs of (Cl,B) C ,H,, 8 ratio
of 1.9:1.0. Occlusion of unchanred 1iquid (C1,8),E % *by the
snlid eddust apparently preverted completion o % éae reaction.
It is ,therefore, azsumed that the adiuct has the composition
C1,BC,r, RCL «2u(C4,),» It is & relatively stable and irert, solid,
very sllghtiv vols’ 1§e material ghioh shows little if any sign
of decomposition below about 390 Ce At that tempprature it undsrgoss
complex decomposition, not investigated in detail.

The -4duct is insoluble, or only very slightly solabls in §lathyl
ether or in excess trimethylamire; it is somewhat more soluble in

o

P}



benzere or tectrahydrofuran., Uecause ol the slight volatility and
solubility, molecular weight determinations have rot yet been attempted.
The adduct is also relatively inert chemically. Thus it does not

react with hydrogan shlerice at room temperstura, ror does it gererate
hydrogen chloride whon treanted with methanol, Witin water, ir which

1t is rot anpreoiably soluble, it reaots oniy when warmed to about

40°C,

(a) Etheretes of (C1 B)2 . Diethyl ether reacted with
(C1.8).C H, at temperaturss sllphtly above =80 C, to form a white,
ozybtuillre, slightly volatile solid. Yince the molar ratio
Et v/ . wac 1,94, the product is evidently a di-dietnyi

/(B C1 -02.4)
etherate., After remowl of excess ether, the crystals slowly decomposed
in ocomplex fashion. 7The investigation of the ethyl ether reaction
was undertaken primarily to asnertain whether this solvent is a
favorable medium for the siudy of the sompound, (C1, B) C_H,+ Siuce
this proved not to be the case, the matter is not bGlP pursu ed
further.

The tetracnlcride also forms a di-dimethyl etherate. 1hus
048 muiolos of Cl2gc d BC),_ reacted with 1.49 mroles cf dimethyl ether
as the mixture vweas Sleowly warmed from =190 °C. ‘the molar ratio of the
ether to the tetrachlcride was 1.88, The compound is more stable
thanr the diethyl etherate, but dea mposss slewly at room temperaturec.
The rature ol the decompesition prcducts is now being studied.

v 12
(3) wuethylation of 012302q4«012

{a) Decause of the ocomplexity of the reactior and the interest
of the produots formed by methylatior of Cl BC ! Rclﬂ, a speoial
section is devoted to thls topic. Des Crlptlon o% seVeral preparations
of the tetramethyl derivative arc given to illustrate the problams
that have arisen in connsction with a study of this reaoction.

Preparation 1. The tetrachloro derivative {as the compound
C1,5C, H4BCI will be called hereafter} did not react with trimethyl
boronj; reac%lon with dimethyl zino at about =30 C was violert and
difficult to comtrol. But vhen the latter reagent was used ir the
presence of trimethyl boron as & diiuunt, methylatioi proceeded setisfaotarily
at -30°C.

When an amount of dimethyl zinc just sufficient to replace nll
of the chlorine atoms by methyl groups was used, ro dimethyl zino
oould be recovered from the mixturc. The product formed was a
homogeneons liquid as judged by the fact that it exhibits identiocal
vapor tensiorns in vessels of different volumss.
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At atout -10° tao liquid just dnscribed ougins to genorete trimethyl
boron. Tho roaction sooms to ocoaso when ons molc of trimc:thyl boron
has becen lost per molo of tho liquid, Tho residuv was a mixturs
corsisting chiefly of 5 non-velatils, wiscous materinl and a smalicr
emount of a scmowhat volatile liquid, having a molcoular weight
(by varor donsity) cf about 100.

Freparation 2. Tho mothyletion wes carried out in n-pcrtanc
as & solvont by uso of !2.44 mmolos of dimcthyl zine and /.20 =mzslis of
tho _totrachloro derivativo. Tho inltial re actlon oceurred rapidly at
-45°C, but a pericd of sevoral hours ot ~23 °C was rgqu1rfd to completo
tho ronctiion. Tho proaacts worc fractionated in a 4rein corsisting
¢f -45, ~-63, -80 and -196° trops. Thc major portion of tho recaction
product was rctained at =63°. Ir the -196°C trap 1.09 mmolcs cf
trimethyl boror was collcotod. Lt is to be notud that this amount of
trimothyl teren is relativuly muen smnllor than the amount ultimntoly
obtained ir prewm ration 1,

Proparation 3+ Tho prccedirg experiment was repcatod with ,aroful
control of tho roaction tompcoraturc, which was maintaincd at -45 e
for two hours and et -23°C for ar ogual timo irtorval. Fo trimecthyl
boron was geroratod during tho roagtion, nor during tho isolaticn of
tho main rcaction product. From 5.55 mmolcs of the tetrachloro
dorivative and 11.02 mmolcs of dimothyl zire, 4.81 smoles of product
woro obtain.d, a yiold of 88457 if tho product is essumud to ©o
\C4 ), 50, d B(CH%)Z (horoafter to bo called tho totramethyl dorivazive)a

2772 4

Of this product, 1.07 mmoles was allow:d to stand for 24 hours at
room tompcraturo. During this tim: the amount of trinicthyl boron
gereratcd was only 37 s muoh as that obtained from a compsirebl- ~mount
of tho prodiot of prepsratioa 1 in o much shorter time 2t from <10 to
0°C. Bvon at 100°C the semplc obtnir«d ir proptration 3 oves fer moro
stable than was th. product of propuration 1 at -10 to 0°C,

Preparation 4. A preparation was carricd out i trimcthyl boron
as a solvont with oorditions liko thosc for preparetior 3. Tho prodict
was 05 stable os that obtoined iy n-pontarc solution,

It is ovidont that 4nc iritial product of nothylstiorn, i.c., the
tetromethyl duriv“tivo, is subjoct to fectors which greatly affcet its
stability. What theso fectors arc will becoome cvidont from the
discussion of the pyrolysis of the compound.

(b) Fropcrtiss of thc Tctramothyl Derivative, (CHS)ZBCZH45(CH3)2

Tho following date support the conclusion that tho initial product of
mcthyluticn of tho totrachlorc derivotive is the ccmpourd
(LH3 Yo H4(Cﬂs)2, and sorve to charactorizo thc compound,




Arnlysis was carried out by the nitrio oxide catalyzed combustion
with oxygon (Lrown, oohle singer and Burg, J.i.CeS. 61, 675 (1939,
Results of two amalyses are as follows: Wt samples_? 41.5 and 2445 mg;
B, 19,48 and 12,92, C, 65,9 and 66.1, 4, 14.25% resps.; Calo. B, 19.70;
C, 65.61; H, 14.69% rosp.

bPhysioanl properties of (CH ) BC,H,B(Ck o A 41.6 mg. stadle
samplo of the compound In & olume o% %18 l r‘r‘. exerted a pressure of
115 mme at 27..,°C, correspondirnr to a molecular weight of 109.7.
h secord determiratior with a 53.1 mge sample gave a value of 110.9,
Thaory for /_(CHS)?B—/zc H, is 109.6. Tne melting points odserved

. 5 o
wers =115 and -114.8°C. Vapor tensior of the compound at O was
12 mm.

f¢) The Spontareous and the High Temperature Deccamposition of
(Cis) BC, 1 B(Ch ) To learn mrre abcut the deoompositic: of the

tetr;\netqyl derlvg‘rive, & 3,028 mmole sample prepared by e thol 3

was hested to 100 C in a sealsd tubs f‘or 5 dayss Tiie products corsisted
of e volatile 1iguid corde:seble at -80° C, of rorn~volatils viscous
material and of 3.44 mmoles cf trimethyl boron,

fher. the velatile liquid was warmed to room temperature iy the
vacuum live after remowl of trinethyl boron, furtier decomposition
occurred, Additioral quartities of trime thyl boron (0.58 maoles),
of volatile iiquid and of non-volatile viscous material were obtainede.
Thus tha total amount of trimthyl boron obtaired from 34023 mnoles of
the tetrnmsthyl derivative was 4,02 mmoles. 7nis quantity accounts
for 99.75% of *the total amount of methyl proups originally mresent
in the tetramethyl derivative.

A 25.8 mg. sample of the vola“ile liquid whor volatilized in
a volume of 723 cc. exerted a pressure of 5.9 mme at 24 Ce Althouch
the gquartities involved are toc smll for accuracy, they indioate a
molecula: weight of about 112,

The experimert under disoussion pave & c.ut ‘95 the cause of the
variable stability of the tetramethyl dori v-tive A portior of the
residue frem the decomposition described above was flamed to give a
white solid. To this a portio! (4. % mmoles) of oarefully |r epared
tetrame thyl derivative (whioh had stood for one week at room temperaturc
without signifioant decomposition) was added. Decomposition set in
at once with the generation of trimethyl toron. £ total of 4.89
maoles ¢f trire thyl boron was obtaired. Other products were a somevihat
volatile liquid having a molecular weight of approximately 109 ard
non-volatile, visocous materml like thnv obtairsd ir premration 1
axd as a result of the 100° pyrolysis,
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Evidently one (or more) of the decomposition precducts of the
tetramethyl derivatiive ocatalyzes the decomposition. It was originelly
thought that preparstion 1 led to an unstable tetramethyl derivative
because the preparation was ocarried out in the same vessel in whish the
methylaticn by dimsethyl zino in the absence of solvent had been carried
out-~in other words thsat Lhis vigorous reaction had left traces of a
devomPrositinn product in the vessel and thet this preduct had catnlyzed
the docampositior. However, repetitioin of the vigorous, solvert-free
reaction, after removai of volatile produsts left & non-vclatile
residue whicii did rot have catalytic properties. It is further
to be noted that preparaticn 1 ssems to havo produced a volstile
catalyst, since the product of this preparation continued to decompose
after it had been distilled away from the reaoction vessel.

There are indications that irhibitorsnare also inwlved in tne
rhenomenons Thus, in the pyrolysis at 100 C, gereration of trimethyl
ooron did rot go to comple tior unls ss this product was removed from
time to times Mikewise addition of n-pentane scmetimes inhibited
the satalytioc action of decomposition residues obtained at IOOOC,
but it is possible that the n-pentane used in these cases contained
traces o1 awnethyl zine from previous use ss a solvent, ard that
the zinoc ocompound also is an inhibitor. It is our g esent opirion,
not yet supparted by evidence, that the trimetnyl poron (and possibiy
the dimethyl rinc) scts as an irhibitor of & catalyst rather than
as o product of a reversible reaction.

The phenomenon is obviously a complex one requiring further
ivvestigation.

(@) rreliminary Discuscicrn of the Froducts of Psecomposition of
(CHS)EBczdéB(CHS)Z' Several points are tc be noted in 8 discussior

of the decomposition of the tetrametnyl crivativs: {1) the decomposition,
irrespective of the temperature or other condit ions undsr which it
ocourred,resulted in the fermation of trimsthyl boron, plus a small
amount of & slightly volatile 1°juid and & much larger amouut of &
non-volatile glassy material whioh slowly lost siwall quantities of
trimethyl boren and solidifiocd; (27 ths vapor Censities of the volatils
liquids, although carricd out with toc small amocunts to be precise,
irdicate that the moleonlar weishts of these liquids are sither
identiocal (botwoen 105-112) or are very nearly the same and (3) irn

the spontaneovs decomposition at =10 to 0°¢ in preparation 1, 3/4

of the methyl groups c¢f the tetramethyl derivative were recovered as
trimethyl boron, wheroas the pyrolysis of the tetramsthyl derivative

a4 100°C converted =11 of the methyl groups to trimethyl borone

vom o
v

The 75% loss of methyl gro'ps could be acoounted for on the
assuription thr% the volatile liquid has the composition (CH38)2(02H4)2,
and that the ron-volatile material is a rolymer corsisting of

SR
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(CHS-B-CAH4~) units., The 100% loss of methyl groups eculd be acecounted
‘ i

for on the assumption that the volatile iigquid has the compositinn
BZ(C2H4)3’ and that the ron-volatile product is a poclymor consisting

of =C_H B(C_H,6),B- units. The oomposition (CH B) (P H, ‘ might
24 2472 c
g’ Colil
% \C p 7
274 / 2 Q\
}32(02:-4)7 ocould correspond to tho struocture B\CZH4’B. 1t is tc be

V)

correspord to the structure CH 4 BEH wboreas the formu;a
3!

L2H4

noted that approximate vapor denst ties of the volatile liquids
refarred to are within experimental error in accordance with sither
the formula (CH38)202H4 or 32(0234)3.

The prucediny dissussion is based not oculy on the ob=srvat10n
thal in the desomposition of the producs* of proparalion 1, 0/4 of
the methyl groups present in tho iritiali tetramethyl derivative had
been recovcrod as trimethyl boron, but also on tho assumptior that
the compositions cf the volatile liguid and the non-voletils viscous
material wers ossentially tho same. It is, however, poscible that
even the volatile matorial obtained in the low teampe rature doocomposition
contained ro zothyl groups, and that the non-volatile material, which
is always cbtainod in much the larger amount, still contaircd more
methyl groups thar correspond to a polymer of the type (CH B-C,H -) F

In that case the observation that 3/4 of the rothyl grouns had ksen
recovorced as trimcthyl boron would have been entircly accidentnl,
Although this conclusion seoms urlikely sinece tha 757 rocovory was
not limited to a single oxporimort, it can ot be diseardcd without
further irvestigatione

Unfertunately reither analysis »ar molcecular weight doterminations
can dooido th¢ wuestions Thu ocompositiorns and the molecular weights
of tho three substances, vl ) ,BC,H 5'013)2, CH a(c ) 50{ and

8(02 4)38 diffor by amounts w1th1p likely bxporlmuxtal Crror.

Furthermore the vapor tension of tne volatile liquid ob*alred by tho
dusomposition of the totramothyl derivative at =107 to 0°C is within
rxporlmental aeycr *he some as that of the volutilo liquid obtaincd
by the 100°C pyrolysis. (In this connestion it should be mertiorcd
that tho vapor tensior of the totrametsyl dorivetive is definitely
di fferort from that of the voiatile, liquid docomposition product.)
“lo havo been ettempting to docido the problem by determirirg whether
the volatile liquid of the lww tempersture catulyzcd docomposition
contains methyl groups end, .f sc, how many. Tnus far no roliablo
mothod has bosn found. The¢ mcthods thuc far unsuccessfully testod
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are the following: (1) Oxidaticn of the mothyl groups to methanol
by an ethsreal solution of perbentoic acid aocordirg to the re thod of
Jotnson and Van Campen, J.A.C.S. 60, 121{(1938). ‘The resulting esters
wer« hydrolyzed by wator; ths iat¥or was separated in part from the
otner and alcchol by fractioratior. It was irtendod to dectcrmiio the
amount of methancl by treatment nf the me thenscl-ether mixture with
lithium hydride ard measurement ef tho hydrogen evelvod. Unfortunately
wa have, nwever, found no wmethod of removing the last traces ef wator
fron the methanol-ether mizture without losing some of the metharol.
(2) PDiochlecre icdobenzene failed to ehlorirate trimethyl beron which
we have been usins to test the efficaoy of tho several methods. (3)
Bromin%tion of the methyl groups Lo methyl bromide. Use of bromine

at 150°C for 4 hours ocrvorted orly about 50% of the methyl groups of
trimethyl boren to methyl bromide; at 215° 1nuoch hydrogen bromide

nas liberated. Catailytic (FuBr,) and protochemical bromiration gavo
butter, but not satisfactory results. Hydregen peroxide is now

under investigation. Examination ¢f the irfra-red spsctra of tho
comhounds has had to be deferred because the irnfra-red svectrometer

is uncorgoing repsirs. "e are also corsiderirg the use of
doutern~-ethylene or of the € "dimethyl zinc.

{e) Other Reactions of the Totramethyl Dorivative. At rocm
tomporaturs, 13.04 mmoles of trimpthylamino roaoted with 7.0l mmolcs
of tho tetramothyl derivative to form o sligntly volatilu, crystalline,
white solide Altheugh the observed ratio of awiro to totramethyl
dorivative was only 1.9/1.,00, tha product is presumably e diemminate.

1 { i " i oo /
t is much moro roactive than the adduct 012802h48012 ZD\CHS)S.

Thus treatmont of the acduot of tho tetranethyl deriwstive with Lydrogon
chloride regeneratcs 91% of the tetramothyl derivatives Some trimothyl
boror and ethrr by-products arev also obtained.

{4) Attcmpts to Hydrogemato Cl

he 1 2]
250214 Clz.

Sevoral attempts te replacoe tho chlarino atoms of 61230254
by nhydrogen have bevn mades Thiuy have led to complex roactiens,; and
tc unstable products diffiouit to isolatse and aralyze. The tetrachlero
Gurivative does rot react with diborano in the absonoo of a sclvent.
If diothyl eth:ir is prosent, ona mels of the romnpound absorus 1.7
molos of diborane ut -80°C. Durirg removal ef ths cther at =53°C,
about 1 mole of diboruno is lost; moro is evolvod at reom temperaturce

RC1,
2

Roactien eccurs betweon tn: tutrachlero dorivetive and lithium
borohydride in the absenoe of solvort. If a considerable excoss of
the berohydride is ussd at =237C, diborenc is oLtaincd in an amourt
to cornforn to the equation:

1 — H RC_ 3 8} + iC1 + 2B 1
4L18!wl.,2 + 012B02H48012 2502.4sd 4LiG1 2l

o)

2

——————
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The reaction product deecomposas during its removal from the sclid
residues by distillation. Tne product is more stable in eiher sclaution.
Sodium berohydride sives somewhat similar resulis. 4lthough the data
%ndicate the possibiliity that unstable compourds such as

(i5B,),C,H, and (HzB)20284 may exist, especially in ether zolution.

tho evidence as vet availablo does not warrant such & conclusione

1t seems possible that compounds such as (HZB)ZCZH? or

(‘.-128)20213‘4 might te 1.ore stable than (328)202H4. For this rescon the

)

work on hydrogopatisi of ths
hl ~
(ClgB)ZC?F‘(12 and (ngE)z\,zH2

chlore derivatives is being postponed until
have teor prepared in sufficient amount.

Il. ‘liscellanccae Feactio:s of Diboroa Tetrachloricde.

(1) Hoduectior o Dimethyl Beron Bromide. In earlier roports

(eeme, AeR. &3 1. 4) 1L WAS poiitea cut that sttempts to replacze the
chilorine avoms of [ Cl, by me thyl groups by use of such reagerts as
dimethyl zire leads '+ complete decormpusition and pives .o avidence
of evern partial fomation of B_(C¥_,), e This rs-ult may mesan that
such compourds are incavable o% exés ence; it may, however, merely
mean thnt the methylating apgsnts used are paverful enough reducing
agents to red.ce the bormii=to=borcn hinrdc.

Ve are, therefore, attemptine to prepare such compounds by means
whioh avoid tne presence of strorg reducing agents. One such approach
is the roduction of compounds such as dimethyl boror tromide by firely
divided silver, #otually ws have used the trimethylanine adduect of
dimethyl boron bramide, with the idu: that a compound such as
Bz(CH ), 2E(3H ) would be more stable than the simpie tetrare thyl
diboriré. For“this purpose, dimeuthyl boron bromide (preparcd by the
diborane catalyzed disproportioratior of trimethyl boron ard boren
tribromide) wus distilled irto a suspension of finely divided silver
ir a large excess of trimethylamire;, The mixture was rnllowed to siand
for s woeck with irtermittent shaki-«g at room temperature in = soaled
tubss The tube wag ther opened, ard the axcess of trimethylami:e was
roemoved tv passage through a =8C C trape The latitor retlaired a solid
which urderwert complex decomposition ot room tempuraturs. 7Tho nost
sigrificsat obgervation so far made is that trestmort of tho re terial
trapred at =80 and sors of its decompositiorn precducts with methancl liberated
anoncondsrcable gas prosumably hydregoen. Since ronc of the starting
materiels contain hydrogen displsaceable by methariol, this observation
suggests that a boron-to-voro bornd has boen gstablishad. The
expsiriment is being continuade.

Another reaction attempted, was the roduction of dimethyl boron

bramide by lithium ir liquid ammoria. Thus far the rasults have been
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ursatisfactory, due in part to smmonolysis of the bromides. Efforts
to earry the reaction out in a way which will aveid this difficulty
arce undorvay.

{2) Farlier study of tnu reaciion of diberon tatrachlorids wi
diborane had led to unsatisfactay rosults (8c¢ 10r OAGMDLC AeRe 49U, P D)o
{6 hove vew found that when the reaction is carried out at -4300 in
etner solutiorn; B bl ard B “ react iv 1l:1 molar proportions {(eeg.

360 rmglcs cof Ci d*th 2. @ rmoles of BQ” )+ Remowel of the ether

ot -B0" left beninﬁ a8 viscous straw cola‘eu liquid., #t room tcmperature,
evaporation and condenzation at -80° and -196°C separated residual

ether ard dliborune from a product which was retained in the -800 trap

as whito orysials, but which melted at a slightly highor tumrerature

to 2 celerless liquid. Ansalysis of the latter gave the folleowing data
oxpressed ir mmoless B, 5.72; Cl, 7.53; H (by hydroiysis with

methanol), 7.83 and Et_ 0O, 4.01. fhuSO rosults corrospord within a feow
por cort to the atomic (and melor) ratios B:Cl:H:Et 0 = 314:4:24

If, horever, the compound still contairs ¢ boron-to=bororn bond, ona

mole ef hydrogen would have be=n produccd by cloavage of that torde

“enco the formule of the compound might well be written B Cl4 BPS(Et u)
Sucl. a foermulation would agsree with the obsorvation, nato in’a

separato exporimont, that of the origirnl 1 riole of diboranc absarbod

per molo of B, Cl,, one half is loct durirg distiilation of the reaction
producte. morg wcrk will, however, hovo to be dorn te psrmit interprotation
of the rosultse.

III. Rcactions of Hydrazine and of Dimetnyl Hydra:zine with Diborare
and with Teteam thyl Diberarc.

(1) ijvious reports have descried the p_cparution of the adducts

o1 eB i1 1'.1_ ko) \ C:
Mo il "B ticn (c ), *B 0., E H, «2B(CH,), and of ¥, H, B, 2( Het) g

as woll as uh thermal decomp 1t ions thorcof, which have lod totho
proparation of N,H (BFz)z, Ci, ) (BH ) ond P,FQ/FB CH, ) 7

(See A,2, 51, p. 5; 52, pp. 8- 13, 53, pPp. 27- -30). The ccmpound
N?”BZ'B(CH3)2_7é was. howgver, not ebtaired in pure ec:ditio: bocause
F,)

o

’

wo had boen unable to froe the starting material, K, H, B
from the diethyl ether which had boen used in tho nropa t
the latteor,.

2\
ior

(2) The Compourd I 5/ -(C’ )., 7, and its Dimor. Tho difficulty

in tho purlflcatlo“ of tgo compound Nzﬁ4 35t Z(CH3)4’ us montionoed in

the procoding paragraph, has row beun overcome by treating tha crude;
diothyl ether-containirg product with dimothyl othour ond then removing
the lettcr by evnporatlor, & precsduro which carries with it the othyl
ether. Thus, at -807, 4.12 mmolus of iydrazire ir on cxcoss of

RUET S N
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dicthyl ether reacted with 4.45 mmolas of tetremathyl diborene.
EBveporation of liquid left a solid which ratained 68 ce. of dielhvl

cther. The solid wasotL et sticrired for cevural hours with HO7 ciw oF
ainethyl ether at -80 C. Thorcalter the lluuld wes removed by vosuum
evzporation first at -80° and finzlly at -30°C. The ratio Y, Hy b, Hg (Cy,)

3
34
was 1,08 (theory 1.00); and analysis demunstr'"bo the absence of Any

but traces of impurity.

The solid product obtained by this procedure was then al lovwed 25
to werm to room temperaturs, uelting and evolution of hydrogen
then occurrod without further heating. In &n ¢ xperiment in whick:
the hydrazine had teken up exactly 1 nole e¢f tetrumetnyl diborane, -~ -
ths ratio of' hydrogen evolved by tlie seclid product at roem t;mverituriu
te hydrezine usaod was 1481 (thaory 2.0)e fThe product of decomposnfion ,
may, therefore, be considersd to have tho fonnula L ZTE(CH", A '
It is originally a liquid which fairly rapidly dep051 5 a soli e L
The latter is « imer of the lijuid as shown (1) by the fect that
its formatior is unaccompanied by the prcduction of eny volatile
material and (2) by its nolecular weight as racorded in the folloving.

A D0.1052 g. sumnle of the liquid, teker. inmediately aft INES
preparation and befcre it had deposited eny solid, exerted % pressure
t of 27.0 mm, whaen volatilized in a velume of 889 ces. at 35.0 cerresponding
woa luul\ﬁc'ulrlx \«\:L_,}’u- of 1LY 5 (""‘""r" for N H [.,(CH )?'J?d 11_‘.7“‘).
Pert of the liquid was then all.wad to stend *11) sor? sclid had
. formed, and the vapor density of the rasidual liquid was then

redetoranined, The data are: weight sanplﬂ G.0825 g., vapor volume

886 cc, oressurs 16 mm., temperaturz 27, 5° C, moleculer weight

103.3, Evidently formaticn of the solid had not altered the composition
of the liquid.

The molecular weipght of the solid was detarmined by measuring
thz lowering of th: vapor tensions of solutions of it in diethyl
ethers Two detsrainations gave the Lollowing results: (1) wte
sample 0.0736 g., wte cthir 1.665 ge, vet. lowcring 6,65 mm., mol.
wte 21343, I the s_cond detarminetion the corresponding usta
war:: 0.,083% gey 0ad go, 960 cune, mole wte 214 (the measurcments

L nude at 206°C, at which tha vapor tension of diethyl cther is
442,2 mme} Th2 soiid is thus established to be & dimer of

}zq,,Fi(Ph )n_7% (mol. wt. cunic, 223).

(3) 2yrolvsis cof N, (CH ) (BH )2 as has been reported by

Burg ond sendoiph (J.A, C.#. 71 3451 (1929)), li-dimethylamino
< borine roacts with ¢iborane or with boron trifliuoride at somewhat
elovated temporaturss to form FM-dimelhylanino diboranc, (CHS)ZNB?HF'
Similar hydrazine or dimethyl hydrazine derivatives, i.e. -

s s s o

|
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(32..,2 g or (12H5)2N2(\H3}2 mighi have considerable interest

beenuse of their largo hydrogen rentent. Thus far we have, however,
r.ot succecded in cbtailning thesse preducts, although reactions of
some theoretical intersst have bsen o%served. The study was begun
wigh £as compound i, ( CH, )L (BY. e

v & [N %

This subsianc: was originally obtained, by pyrolysis cf
(CH,);H_}B“HF at about 6“-/00( as & liguid which deposited o solid
i r ry“”'owlv at roon tomporaturs and fsirly rapidly at

2r ghove T0 °C (Sea AdRe 32, o 12)s In ocur ricent ropotitions
ediapee, Wo have had difficulty in cbtaining e liquid
h ddd not polymevize fairly rapidly at room tenperaturce
The reasor. bay ot been discovered; it muy possibly be that tao
fovition vessel ~mployed was one which had b:come ortonsively sc
Yy Lre oparation of & stirr:r, and that the roughened glass surf
acts as a catalyst., Ior this rcason woe huve carriad the experinm
out witbh mixtures of the sclid znd liquid. However, & simpler
nrocedure avoided the initial preparation of NNH (cu )? B H and
itls degradation product N,(CH. ), (Bd ), by "1nniv nea¥ifie o,

2°2 g

dimethyl hydrazine with dlborfing.

Ouly one of Lhe srpeériments--one in which diboranc and syme dimethyl
hydrazinc were usca=--nced by describsd, as it is typical of the
results ohtained in other experiments. A mixtur. of €.54 mmoles of
dimethyl hydrazine viith 16,96 mmol@s of diboranc was heated in a
scaled tube fur 24 kours at 80-907C aftor standing overanight at room
temperature. After romoval of Tho hydrogen gencrated (2645 mmoles)
the v‘latllc rroducts vrers Dassad tiirough a troin of -45, -80, end
-118° traps into onc at -156°C. 1The latter contained only diborane
(7.25 mmolch). The -80°C trap contaircd o 1liqid L‘a"i"‘g & O wvepor
tension of 62 mm. ‘then warmed to room torpc.ucurs 1% gave off hydroren,
cnd wn. 0 purificd by pumping at -80°C had a molccular weight of 61.5
and a 0°C vapor tension of 65 mme The material generctod hydrogen
by hydr01vQ1s, und probably was a nixturc of B_H, and B.H . (mol. wt.
of B H €3, 0°C tension 65 mme)s The amount’obtained sésmed
larger than would have beon cxpucted of un uncatalyzed pyrolysis of
diborane, but no moasureusnts have been made. Solids having the
avpcaranc: of higher boron hydrides wore also obizincde

cr

The major velatile rcaction product was r:tained in the
-457C trape Twn vapor donsity determinations made at Jdifferent
tempernturss corrzsponded to molecular woights of 120.56 end 121,83
respectively (ealec. for 83U (cH )3H3’ 12244). The vqp95050n5104s
nf tho liquid fitt.d the =qathon. log p = T.812 - 7 roporied
by Schlesinger, Rittor and Burg, J.A.C.3 50, 1296
(1938) for N-trimetnyl borazolc, ac sven in the following tables
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£ 24 29.9  34.0 38,5 48,1 53.7 58,2
p mr{obs) 1.1  14.8 17.7 22.5 35.0 18,1 ot
p mm(cals) 11.3 15,2 17.1 2393 36.2 46 45 5640

The observed pressures are thoss of the pyrolysis product; the calculated
valuss are those derived froam the equation for N-trimethyl borazile.

Furthermore hydrolysis yielded 2.97 mmolos of hydrogen and 3.10
mmoles of boric acid per mmole of sample., Finally the presence
of methylamins resulting from hydrolysis was demonstrated by treating
the acid hydrolysis produot with base and fractionating the voletile
material in a series of traps at -45, ~80 aid -196°C. The ma jor
product had a -45°C vapor teusivn ol 52 am., &5 ccmpared with a
reported value of 94,3 mu:. at =-44,7 for methyl amins. There can be
no deoubt that the product ic Netrime thyl borazole.

Extensive pvrolytlie decomposition of dibcorerne oocurred. It is
not certain that the reaction actusliy involves the diberane, but
the yields of N-trimethyl barazole appear to be improved by its
presence., Although the heating of dimethyl hydrazine vith ditorane
thus appears to be a feasible method for preparing N-trimethyl borazole,
other procedures involving inore readily obtainoble starting materials
aro available. A study of the most favorable ccrditions for the
Aimethyl hydrazine reaction was, therefors, not undertaken,

(4) Should the comparable reaction of hydrazine with diborans
prooceed in similar fashion it might be a good method for the preparation
of borazole, since present preparative procedures are oumbersone.
Unfortunately. however, we have thus far not obtained any volatile
iiquld materials frun the pyrolysis of mixtures of diborane and
hydrazine, or the pyrolysis of the compound N_H_(BH_ )  (obtained
t'rom N2H4-B2H6). This work thus cont'irms cbssérvation$ of Emeleus

evd dtono, J. Chem., oc. (1951), 840. bimilarly heating a mixture of
nydrazine dihydrochlcride and lithium borohydride below 8G°C preduced
only hyvdrogen, diborare and solids; at slightly higher tempersture the
reaction became uncontroliable.

(5) The Heoaction of the “ompound N (CHS) (BH,), with Boron
Fluoride. 48 already mentioned, Burg and “and%lph“oﬁtained the

compound (CH_) _NB . by second method, i.e., by trentment of N-

dimetrylanin® Soring with boron fluorids. 2 heve examined the
corresponding reaction of the solid polymer of N_(CH,) (BH ).

Thus A sample of the polymer was heated with bordn fludrid§ §n a
seaied tube et 100° for 2 days. 4 few small drops of liquid seemed
to have formed, posesibly by depolymerization of / N2(0H3)2(8H2)2;7é'

e —
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‘men the mixturc was heonted to 125°C for cn additional 24 hours,

long, transparent naedles, porfoet tu the naked syc and quito vok tile,
worc depositud in the coolor part of the tubce The temperaturs

was then raiscd to 135 for 36 hours to neke surz that as much es
possible of the crystalline product had Hacn obtainede. Tne crystalliue
mater%al wae fractionatid Ly passing ite vengr soviral Limes inte

a -23°C trap, wnich retained the crystalline material and allowod

the more volatile impurities to pass. The vapor tensions of the
crystels ware as follows:

£°c 24,1 24.8% 27,1 2841 3342 3Z.5 39,1 4545 57,5 5841 64,3

mm{obsS)  5e9 6.0  TeZ Te7 1043 1140 1546 £3.8 33.0 44,8 604

g &

p ma{cale) BG4l Bed  Te2 747 1048 1lel 15.6 2346 3246 45,7 5244

?chhe calculated values are tawxen from the eguation® log Pom ~ 09,3978
—~ e The value indicat:l by an asterisk was a measurcinent made
aftér the sample had been heatsd tc 82°C and then coolad, Except

for the last two valucs, the data lic satisfactorily on a straigh*

lines "The vapor density of the material corresponded tn s molecular
weight of 142, a value which suggests tha: the compound may be
N¥-trimethyl, B-difluoro borazole, (CHS)%N3B F.H, Confirmme4 on of

this formula was found by hyirolyzing a”OLngﬁ g+ cample with scdium
hydreoxide sclution at 1i5-1207C for 24 hourse The hydrogen generuted
thus correspeonded eoxactly to one equivalent per mole of compound.

The hydrolysats was neutralized to give a clear solution, but this
formed a sligh® precipitats when acidified, The filtercd solution
was analyzed for fluorin:z by the method of ‘Jichman and Dahle

(Je Am. fgr. Chom., 15, 520 (1933)). The arount of fluorine formod
was 0,340 mmolss, or oniy 1.3 molzs per mole of cormpound inctesd

of the 2.0 which arc roquired by the sugpested formulae 1t 31s likely
tnat hydrolysis of the boron-fluorire bonds was .ot cumpleles Hence
in spite of the agreement of the formula with the observed hydrogen
content and with ths obs:rvad mol cculur weight, the composition of
the crystals remains in doubt until duplicate analyses heve been made.

IVe The .eaction of ‘entaborane (2_H_ ) with Lithium in the Presence of
AR

Liquid Ammonia, of riguid Dimethylamine, and of ~iquid cthylamines

(1) Do Types of Reacticn of B_H_ with Lithium. Results of
pravious studios of the reaction or ?ithium with liquid ammonia
solutions of pentaborane (B.H_ ) (2.d. 32, pe 22) have boen erratic
arc difficult to interpret.o For oxample, oxtraction of the rcection
produect with diethyl cthur and subsequent evaporation of the ecthor
from the filtered sclution somctimes gave considerable gusntities
of a crystalline product, but at other times gave very little or
nonc of this products Furthermore, analyses of the crystalline
material indicated that it was not homogenecus, and that it might
have been iipure lithium borunydride,

T
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As the result of extanded, time consuming oxperiments, two
factors have %e'n found which sesm to be respounsible for the difficulty
inr obweining reproduca™le results. Both are rcleted tc the nethod
of preparing ths B l.~liquid ammonia solutions. thus, we havo
cbservad that whendmfxturcs of ammonia and pentaborane are allowed
Lo wvarm from -196o tc orm the ammonia solutions, sudden pressure
rise often occurs, due probably to a rise in temperaturc. #souming
that the heat evolution might ba a cause of the difficulty, e now
prepare the sclutions under suc)l: cciuditions thet the temperaturce at
no *ime rises above -£3°C. If lithium is added to a solution which
has been prepared in thiz way and hes been allowed s tand at
te:peratures botween -80° and -63°, 2 gram atomic we _hts of lithium
(within exporimental error) undergo reaction per role of pentaborane
used, and two equivalents of hydrogen are liberated. Furthermore,
the solid residue resulting from evaporation of the aimonia from
the reaction product is complotely insvluble in diethyl ether, but
is almost completely scluble in tet.,ahydrofuranes

A second point bearing on the difficulty of obtairing reproducible
results is the fact that iithium may react with B HQ in liquid

amvonia in two wayss The first, as alrueady dessribed, resulis in

the interaction ¢f two gram stomic weights of lithium per mole of

BSHQ, and in the liberation of 2 gram ecquivalents of hydrogens. The
secdnd rcaction involves the sare arount of lithium, out produces

no hydrogen. uhis letwer reaction can be observed only if the BLH

is added to & solution of an :xcess of lithium in liunid ammonial

le suspect that the reaction in which hydrogen is liberated

is a rcaction between the metal and an ammonicte of pentaborane,
whereas the reaction in which no hydrogen is generatzd is o reaction
between ths mstal and B.H, itself. According to this ilnterproetation,
the formation of ths amliohiate of “untuboruns must be 2 rcacticn

ropid encugh te cause hydrogen evolution to occcur unless the pentaborane
comas into contact with lithium reyidly. Obviously reactions in
vhinh the amount of hvdrogen generatad is betwesn zuro and 2 equivalents

can occur, descuding on the rate of mixing of the lithium, ammonia
and peataboranes Actuaily it is z2lmosl impossible to prevent the
gensraticn of very small amounts of hydrogen.

=
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(2) The reaction of Lithium with B, in ligqui

Generating Hydrogene The carlier work referred to in this scetion

of the report confirmed the work of Stock te the elfcet that if the
pentaborane @id 1iquid ammonia are allowed to stand long cnough belore
gvaporation of the ammonia, 4 molces cf the 1 tte are rotained per
mole of B H. Shorter time intervals seam to rusult in the formation
of a diammoniate, For the earlier work, wc assumned that a considerable
ariount of timo had to elapse botween mixing the B_H_  and ammonia to
assure liberations of 2 equivalents of hydroger by th addition of
lithium and thet a temperaturc of above -30°C was also necdeds




Wo huve now found that the dasired re
thoomixture 8f liquid emmenia aad BéH
=807 uud =63 to cause all of the BTH
usually requireds °

sult can be achiered by allowing

9 to stand long enough at between

3 to dissolves. Abcout 3 days are

An experiment in vhich a waok's interval a% -80° +o -63°C was

allowed to elapse betwoen the addition of lithium and the mixing

of %“he peatborsns and ammonia inveived 8 mmoles of BSH , 800 mmoles

of ammoaia, and 1§ mmoles of lithiuwme Tho amount of h?drogcn liberated
rres)or lo: a0l i ; Ater npleti

corresporded to & ratio amlas nzﬁnoles BSHQ Ju83e Jftur completion

of thz rcectdon, ammonia was romoved by evaporation and several
portions of diethyl ~ther wers added to the residue, and evasorated
to aid in the removal of the udsorbed ammonia. Nothing dissolved

in this ether. The residue was then exiracted with tetrahydrofuron,
Eveporation of the riltratc left a vhite solid wnich was analyzed
Ly methanolysis with the Tollowing rceeulte:

z
o

zoler ratio of LisN:BiH Ne5816e2313,6:32.H1 = 2,02:2428:5111,95

2 5

These results are those to be expected for a compound Li B HP(HHZ)O,
winich would react with methanal accorcding to the egquation:™ ~ -

; H (w H —- 2Li0CH R H
Li,B, 9(..H 175,00 — 2L10CH  + wB(OCHa)S + 12H,

2)2 3

o/ =y 3

The value obtained for nitrogen in the sampie juol acsoribed
is high, przsumably because of rstention of ammoniz. In a second
cxpariment, similar to the ono just described, cxcept that the
ammonia end pentaboranc ware kept at -80° to 63°C for a shorter
time beforc the addition of lithiun, and thatr ammonia was renovced
from the reaction product by loag continu~d evicustion, we hLave
obtained a product which not oaly gave satisfactory atomic raiios
but 2lso a satisfactory materlal balance. In a 141 ng. sample
there were found 2462 mmoles Li, 2450 mmoles NH,, cve3d mmolee B end
15,07 mmoles hydrogen, a retio Li:lsBiH = 2,08:2,02:0,0:11,96,
Assuning that tho ammoriolysis proc.eded according te the equation
given above, only 5/4 of the hydrog:n was a coastituent of the
original compound, since 1/4 resulted from the severance of B-B
bondse On this basis the total weight of constituents was 138.4 mge.
as co.apared with the 141 mge actually us~d.

(3) Behavior of B H in Dimethylaninos BExperiments have becn
iritiated on the r3u¥tion botwe m B.H. aad litnium in dincthylarinee
They have, however, bacn discontinugd‘for 2 reasons. In the firs®
nlace, lithium is only very slightly scduble in thie ssclvents Unly

if very finely divided lithiwa is »repared by disselving the metal in
amimonia and then evapora*ting tho latt.r, snd is added to dimethylamine,
is a blue

—— e e et
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color noitede If ploces of lithaium are used, the rate of colution is
apparontly slower (han the rata of reaction with dimethylamine, because
re color is observed. The second difficulty is that if mixtures

of gimethylagina and Béﬂo are allowed to stand at temperatures betwsen
-80° and =45 C for 3 t¢ & days and the excess of amine is then
distilled away, 4.33 molcs of the latter are retainsd per mole of

B.Hye It therefore seems tikoly that uander these conditions some
clodvage of B_H, gecurs. If, on the other hand, ths temperature is
maintained at®-go C, not all of the BSHQ rouacts with the amins,

Bocause of tnese difficuities we have discontinued the study of
this reaction. e have, howevor, incideontallv nade some observaticns
about the behavior of liquid dimethylamine toward B_H_. Thus, a
r.ixture containing 3.92 mnoles of E%H and 60,3 moled of (CH ).NH
was stored at temperutures between 188 and -45°C for 14 dayse” The
excoss wmmine was then distilled eway at -80°C. The amount of amine
retrined after 24 hours of pumping without furthar loss {(ramely
23,8 mmoles) correspouded to a ratic (Ci,) NH/, = 6,07,

32 BSHQ

The residue, B HQ'GN(CHS) H was & glussy material, ihen 1i{ was
warmed to 0°C it mefted and mo%; dimethyl amine wes loste. After
a few minutes a white so0lid of crystalline appearance was formed.

The total amount cf diimethyl amine racoverzd now amrunted tc 48.5

amoles, lseving 11.8 mmeoles combined with the 3.92 mroles of B._H_

originally usazd, a ratio (CHS),,NH/B 4 T 3400, o3
- 579

The material just described melts at about 60° forming a partially
volatile liquid. #Removal of the volatile portion leaves a crystalline
deposits This latter part of the reaction has not been investigated.

(4) The Re&ction of Lithium on Penteborane in the frosence of
Ethylamines Unless the ethylamine is purified, eddition of lithium
causes separation of the liquid into o layers, orne of which scoms
t5 bo & solution of lithium in amaoriu. By pumping for usbovt 2 days
on 1CO ge of Bastman vthylaine meintained at -80°C the ammonin is
remcvrad; bhut some wiine is losts In an experiment with the purified
raterial, a mixture of about 5 ml. of ethylamine with 2.&2 mmoles of
B Il was allowed to stand for 3 days. To Llhe sclution § mmoles of
1¥tRium wire was added. UThe resct’con acpearsd To be complete in
about 5 hours at -63°C--n reaction which is slewar than the analogous
rosetiosn in liquid smmonia. It the resction 4,33 ge eguivalents of
hydrogen was liberatsd, a ratio H/& g = le5 insteud of ths expecctied

59
2.0, FYrom the reaction product the excess ethylanine was allowed
te pess into a -196°¢C trap through one at =63 C. In the latter

2 liquid of much lower volatility than that of ethylamiv.c collccted,
“iher. ths solid residuc in the reaction vessel was heated siowly %o

——— e
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3C7C wsdditional hydrogan (0.6 mmoles) nnd ethylamime were liberated.
Thess results are as yet difficult to interpret, possibly because the
initial rsaction with lithium actuslly was not complets. The
investigation is being contirued by using & larger smc uit of the metal
and possibly a higher temperatury. (Lithium reacts so slowly with
ethylamine that in 4 days at -80° to -63°C only about 1/2 osce of
hydrogen was liberated by 8 mmoles of lithium.)

(5) The Reaction of lithium on B_H, Without Censration of Hydrogen

5,9

in the Presence of Liquid Armonia. In"3°dl fferent experiments we have

been able to sarry out ths resstion between lithium and B H9 in liguid
ammonia under such conditions that not more t;}'uamnO.O'.7 mmu?es of
hydrogon were liberatecd per mmole of B_H, et =80 C., To amchieve the
sfme result with larger quantitios, vigofous stirriug is nscessary.
Furthermare 905 of the excess amaonie cen be removed without loss

of hydrogen. 7o rid the residue of ths = st 104 of ammcnia, dimethyl
ether was added ard evaporated. The residue wias thon ¢xtracted

with & mixture of dimethyl ether snd t: tr-hydrofuran. Unfortumately
wring filtration of the mixturs, hydrogen was gencrated at the
sintared di s¢ which had nst boen cooled. Furtier wark is in

pro gress.,

The interest in this reacticn lies in the possibility that

a lithium addust of BRH’J might prove Lo be a derivative of B,_.Hn
IS 9]

Ve Derivatives of Borazole

Little progress has been made in this aspect of our investicration.

g have prepared a semple of B-dichlorc, B-monomethyl borazole by
treatment of trichloroborazols with dimethyl zinc in tolueme as a
suolvent, The reaction was allewed to vrocesd for 17 hours at about
8s5°c. Analysis of the product after purification by frectionation
gave the following values: found, Cl 41.3, B 18.S% (cale. for
c1,(CH_)B_N.H_, Cl 45.4, B 19.8%). The ratio of B/Cl found was
l.g in’& '}lsagruement #ith the oalculated value. The data indicate
slight contamination with the solvent.

Effa ts to premre b-nenoonloro, E-dimethyl borazole have not
bsen suscessful sc far, Tne productes obtained have bteen mixtures

which appear to undecgc Adisproportiopation during separatione
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Precperation of Borazols by the Heduction of Trichlerchornzole,
By Rs oSchaeffer, M. wteindlar, L. Kohrctedt, H. Smith, L. Eddy and
He I. Schlesinger, Jeh.CeSe, 76, 3303 (1954).
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Freparation and Sone of thc Properties of Diboron Tetrachlorido

(BzCla « by Ge Urry, 7. .mrtik, 2. Moare; and H, I, Schlesinger,
{o%heduled for publication in Getober.)

Diboron Tetrachloride, B, Cl,, as a Reagont for the Synthesis of
Orgarc-voron Compounds I. Lhé deaction of Liboron Tetrachloride with
Lthylenc. By Ge Urry, 9, Kerrigan, T. rarsons end £, l. Schlesingele
{Schodulod for publieation in October. )

A Simpls Electrical Conwrcl for Autoratic Toepier Pumbs. By
L. Hohnstedt and M. lteindler. Review of Scientific Iastruments,
25, 256 (1954},
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